Preparation and Characterization of Dendritic Amino Polymers  by Zhang, Y.N. et al.
Procedia Engineering 18 (2011) 19 – 24
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.11.004
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia
Engineering
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia
The Second SREE Conference on Chemical Engineering 
Preparation and Characterization of Dendritic Amino Polymers 
Zhang Y.N.a,b, Zhang J.Z.c, Du D.L.a, Su Y.N.b, Bu H.d a* 
aResearch institute of Petro China exploration and development, Beijing 100083,China 
bResearch institute of Petro China drilling engineering technology, Drilling fluid institute, Beijing 100083, China. 
cKey Laboratory of Urban Stormwater System and Water Environment, Ministry of Education, Beijing University of Civil 
Engineering and Architecture，Beijing, 100044, China. 
dEngineering College of China University of Geosciences, Beijing, 100083, China. 
Abstract 
The dendrimer is a kind of special polymer. Although many kinds of dendrimers have been synthesized, there is none 
which is very effective to act as a demulsifier in treating waste water in heavy oil fields. This research is a systematic 
study on the dendritic amino polymers (DAP) used as demusifiers. By means of the divergent method, DAP 
(generation = 0.5~3.0) were prepared by gradually attaching methyl acrylate and methylene-dianiline to the initiator 
core. The charactor of DAP was measured by SALS, FTIR, Terminal Group Analysis, and SEM. The results 
confirmed that the structures of DAP were in well agreement with the designed ones; therefore, it meant that the 
divergent method was feasible to prepare dendrimers with many benzene rings. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
Resources, Environment and Engineering 
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1. INTRODUCTION 
The dendrimer1 is a kind of spherical, highly branched nanoscale macromolecular. Since Tomalia2,3 firstly 
and successfully synthesized a dendrimer in 1985, its theoretical significance and potential application 
value had gained extensive attention. For its particular structure, dendrimers have broad application 
prospects in the fields of catalysis4, medical science5, nanometer-composite material6 and other functional 
materials7. Therefore, the synthesis of, characterization of and theoretical studies on the dendrimers have 
made great progress 8-10 in the last 20 years. 
At present the relatively mature synthetic method is the divergent method and the convergent method11.
Although many kinds of dendrimers have been synthesized, such as PAMAM12-14, dendritic thiol15 and 
poly(ether-amide) dendrimer16,17, those polymers were all synthesized with the quadrol as the initiator 
core and mostly used in medicine as drug carriers and optical devices. Tan18 had mentioned in his work 
that the PAMAM could be used in waste water treatment, but it can only be used in the O/W emulsion 
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system, while the most difficult treatment in oil fields is the W/O emulsion system especially when the oil 
phase is thick oil. So the DAP with methylene-dianiline as the initiator core were synthesized 
The prepared DAP in this study were divided into two classes—the half generation DAP and the whole 
generation DAP. The half generation DAP include 0.5 G DAP (Generation = 0.5), 1.5 G DAP and 2.5 G 
DAP, which made ester group as the terminal group, while the whole generation DAP include 1.0 G DAP, 
2.0 G DAP and 3.0 G DAP, which made acylamino as the terminal group.  
2. EXPERIMENTS 
2.1 Materials  
Aniline and formaldehyde were used as reactants which are produced by Beijing HLCC Fine Chemicals 
Co., Ltd. Hydrochloric acid, sodium carbonate, dilute aqua ammonia and anhydrous alcohol were used as 
the solvents, all of which are produced by Beihua Fine Chemicals Co., Ltd. The synthesized methylene-
dianiline was used as the initiator core. The methacrylate (Century Red Star Chemical Co., Ltd., Beijing) 
was used as the monomer. Crude oil came from Shengli oilfield. Kerosene (Yanshan Petrochemical 
Company) was adsorbed with silica gel before use. 
2.2 Synthesis of methylene dianiline  
A mixture of 2 mol concentrated hydrochloric acid, 400 mL water and 2 mol new evaporated aniline was 
added to a 1 L three-necked flask equipped with a stirrer, thermometer and reflux condenser. The system 
was stirred and cooled to 15 ℃, then 1 mol 40% formaldehyde solution19 was added to the solution. The 
polymerization was performed in a water bath at 60 ℃ for 4 h. The system was neutralized and alkalified 
by sodium carbonate solution, then distilled by steam until there was no aniline in the system.  
2.3 Preparation of 0.5 G DAP 
A mixture of 50 mL absolute ethyl alcohol and 1.2 g methylene-dianiline was added to a four-necked 
flask equipped with reflux condenser, mechanical stirrer and thermometer. After methylene-dianiline was 
sufficiently dissolved, 5 g methyl acrylate was added into it. The system was sealed after bubbling with 
N2 for 30 min to eliminate O2. The polymerization was performed in a water bath at 35 ℃ for 15 h. 
Eventually sticky yellow production resulted. The 0.5 G DAP was extracted by vacuum distillation under 
35 ℃, - 93 kPa to remove absolute ethyl alcohol and superfluous methyl acrylate. According to the same 
method, 1.5 G ~ 3.0 G DPA was successfully prepared. by circularly attaching methyl acrylate and 
methylene-dianiline to the initiator core.  
2.4 Characterization and measurements 
The products in this research were analyzed by FTIR (MAGANA 760, Nicolet, Co. USA) after tabletting 
with KBr; the synthesized methylene-dianiline was detected by GC-MS (5975 - 6890N，Agilent Co. 
USA); the structures of DAP with different generations were checked with SEM (S-3000N, Hitachi, 
Japan); the molecule weight of DAP were measured by Small Angle Laser Scattering (Dawn Eos, Wyatt 
Technology Co., USA). The samples were prepared by dissolving the DAP in the tetrahydrofuran and the 
concentration is 0.1%. 
3. RESULTS AND DISCUSSION 
3.1 Reaction condition of 0.5 G DAP
(1) Determination of the mole ratio  
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The Michael addition reaction of methylene-dianiline and methyl acrylate can be very thorough. However, 
the reaction degree at the same duration is varying with the mole ratio. The effect of mole ratio of 
methylene-dianiline to methyl acrylate on the yield (the actual product /theoretical product × 100%) was 
inspected under 35 ℃. The results are listed in Table 1. 
Table 1  Effect of mole ratio on the yield of 0.5 G DAP                       Table 2  Effect of temperature on the Yield 
As shown in Table 1, the yield at the same duration increases with the mole ratio of methylene-dianiline 
to methyl acrylate decreasing. Therefore, the mole ratio was set at 1:8 in this reaction. 
(2) Determination of reaction temperature 
The effect of temperature on the yield was studied by measuring the yield under different temperature 
(25 , 35℃  , 45℃  ). The mole ratio ℃ of methylene-dianiline to methyl acrylate was 1:8. The duration of 
reaction is 15 h. The relationship between temperature and yield is listed in Table 2. As shown in it, the 
yield of 0.5 G DAP is the highest at 45 . However, there is white filiform polymethyl acrylate on the ℃
wall of container while cleaning the reaction container of experimental group under 45 . That℃  is the 
result of methacrylate hot polymerization caused by excess temperature. So the temperature is set at 35 .℃
Table 2  Effect of temperature on the Yield 
Temperature/℃
25 35 45 
Yield/% 88.2 90.9 92.3
(3) Determination of reaction time 
The text determined the yield in different periods of reaction time (1 h, 5 h, 10 h, 15 h and 24 h) 
respectively. The mole ratio of methylene-dianiline to methyl acrylate was 1:8 and the reaction 
temperature was 35 ℃. The experimental result is shown in Figure 1. As we can see, the yield of DAP 
increases gradually with the extension of reaction time. The growth of yield appears quick firstly, and 
lower then. After 15 h, the yield reaches 97.8%. So the reaction rate reduced. Therefore, the best period of 
reaction is set at 15 h.  
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Fig.1. Relation between yield and time 
(4) The optimization of synthetic conditions for other DPA with different branches 
According to the same research method, the effects of mole ratio, temperature and time on the yield were 
investigated by experiments in laboratory. The results are listed in Table 3.  
Table 3  Synthetic conditions of 1.5 G ~ 3.0 G DAP 
DAP Mole 
ratio
T/℃ t/h Yield/%
n( methylene-dianiline ) : n(methyl acrylate) 
 1:4 1:6 1:8 1:10 
Yield/% 90.0 95.1 97.3 97.5 
Temperature/℃
25 35 45 
Yield/% 88.2 90.9 92.3 
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1.5 G 1:16 10 35 90.7 
2.0 G 1:16 20 48 93.7 
2.5 G 1:32 10 35 89.7 
3.0 G 1:32 20 48 91.0 
3.2 Molecular weight 
The average molecular weight of DAP with different generations were measured by Small Angle Laser 
Scattering (SALS). The results are listed in Table 4. It shows that the actual molecular weight of DPA 
with lower generation is almost equal to the theoretical value. However, along with the increase in 
generation, there are big gaps between the actual molecular weight and theoretical one. The results 
indicate that side reactions increased along with the increase in generation and reaction step. This leads to 
the insufficient reaction, production impurity and smaller molecular weight than theoretical one. 
Table 4  Molecular weight of different generation products 
Products Average molecular weight 
Measured value Theoretical value
1.0 G 1 218 1 207 
2.0 G 3 042 3 226 
3.0 G 6 983 7 264 
3.3 FTIR analysis 
The IR spectrum of the methylene-dianiline is shown in Figure 2. As shown in it, the peaks at 3413.67 
cm-1 and 3336.08 cm-1 are the stretch vibration absorption peak of N-H in the primary amine. Usually the 
two peaks of primary amine are 70 cm-1 from each other. The peaks at 1274 cm-1 and 1288 cm-1 are the 
stretch vibration absorption peak of C-H in the methene. Figure 3 shows the characteristic peak of the 
aromatic nucleus, including the peaks at 1518 cm-1 and 1610 cm-1. The results of FTIR analysis indicate 
that the molecular structure of DAP basically agrees with the theory.  
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Fig.2. Spectra picture of methylene-dianiline                                   Fig.3. GC-MS of methylene-dianiline 
3.4 GC-MS analysis  
Figure 3 is the mass spectrum of methylene-dianiline. As shown in it, there are molecular ion peak of 
methylene-dianiline at m/z = 198.12, the fragment ion peak of 
NH2
 at m/z = 182.11; and the 
fragment ion peak of 
NH2H2C
 at m/z=106.05.  
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3.5 FTIR analysis of DAP 
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Fig.4.  FTIR Picture of the whole generation DAP         Fig.5. IR picture of half generation DAP 
Figure 4 was the infrared spectra of the whole generation DAP (1.0G, 2.0G, and 3.0G). As shown in it, 
the peaks at 3413.67 cm-1 and 3336.08 cm-1 were the stretch vibration absorption peak of -NH2-. The 
peaks at 2 885.35 cm-1 and 2 825.49 cm-1 were the stretch vibration absorption peak of -CH2-. It  showed 
the other characteristic peaks of the DAP, including the absorption peak of -C=O at 1628.36 cm-1, the 
absorption peak of -NH in the R-NH-Ar at 1558.47 cm-1, and the one of N-H in the secondary amine at 
1558.47 cm-1. There was the characteristic peak of benzene ring at 1500 cm-1.
Figure 5 was the infrared spectra of the half generation DAP. Compared with the whole generation 
DAP, the differences were the characteristic peaks of -COOCH3, which is located at 1 240 cm
-1 and 1 049 
cm-1, and the stretch vibration peaks of ester, which is located at 1 743 cm-1.
3.6 Terminal Group Analysis 
The whole DAP productions were added to and dissolved in the excess hydrochloric acid solution, and 
then titrated inversely by aqueous sodium hydroxide, at the same time, tracking the change of pH by 
measuring the potential of the solution. The result of potentiometric titration was shown in Table 5, in 
which V1, V2 and V3 were respectively the volume of added sodium hydroxide solution at the first, 
second, and third equivalence point. As shown in Table 5, the gap between experimental ratio and 
theoretical ratio of primary amine to tertiary amine increased along with the increase in generation, that is 
to say, the DAP with high generation showed up bigger structure defect. That’s because there are more 
byproducts along with the increase in generation. 
Table 5  Electrometric titration result of 1.0 G, 2.0 G and 3.0 G 
DAP 23 VV  12 VV  n2:n11) n2:n12)
1.0 G 20.7 9.4 2.2 2 
2.0 G 5.4 2.9 1.86 1.33 
3.0 G 24.6 13.1 1.89 1.14 
Note：1）experimental value；2）theoretical value 
3.7 SEM analysis 
The microstructure of DAP measured by SEM is shown in Figure 6. Figure 6 (a) is the microstructure of 
0.5 G DAP, which is loose and honeycomb-like structure. Figure 6 (b) is the microstructure of 1.0 G DAP, 
from which we can see the structure of 1.0 G DAP molecular becomes schistose. While the 1.5 G DAP 
appears cavum in the structure as shown in Figure 6 (c). Finally, the microstructure of the 2.0 G DAP 
starts to condense and appear fine threads. Throughout the five figures, we can know that the molecular 
structure changed from platy to filiform, from loose to cavum with the increase in generation. 
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(a) 0.5G                                  (b) 1.0 G                                  (c) 1.5 G                                (d) 2.0 G 
Fig.6. Structure of different generation DAP under SEM 
4. CONCLUTIONS 
Based on the optimization of the preparation and various ways of structure characterization, the following 
conclusions were obtained from the results: 
 (1)Dendritic Amino Polymer (DAP) was prepared by radially attaching methyl acrylate and methylene-
dianiline to the initiator core. The actual molecular weight of DPA with lower generation is almost 
equal to the theoretical value. However, along with the increase in generation, there are large gaps 
between the actual molecular weight and theoretical ones due to the steric hindrance and insufficient 
reaction.
 (2)The FTIR analysis of DAP samples indicated that methylene-dianiline used were in fact initiators core 
for Michael addition and amidation. The Terminal Group Analysis showed that the gap between 
experimental ratio and theoretical ratio of primary amine to tertiary amine increased along with the 
increase in generation. It indicated that the microstructure of DAP samples gradually becomes defect 
along with the generation increase. This result justly corroborates the SALS and SEM measurement 
form the molecule level. 
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